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USAGE DATA FROM USERS OF TWO SYNTHETIC VISION SYSTEMS 
 
Dennis B. Beringer 
FAA Civil Aerospace Medical Institute 
Oklahoma City, OK 
 
Although much research has been conducted regarding display design and formatting criteria for 
terrain-depicting or synthetic-vision displays, little data have been collected concerning how Gen-
eral Aviation pilots use fielded displays.  Structured interviews were conducted with a small sam-
ple (10; 33% response rate) of users of two fielded synthetic-vision (SV) displays, one with select-
able Highway-In-the-Sky (HITS) guidance and one without.  Questions were asked concerning pi-
lots’ experience (both general and specific with display systems) and use of the SV systems by 
phase of flight.  Use rates for the first system (with a selectable HITS) were high, with “always 
used” being reported for 57% or more of the sample during cruise, descent, and approach.  Includ-
ing “often used” increased this to over 71%.  Patterns were slightly different for the second SV 
system users, and were likely attributable to the smaller proportion of sampled users and to format 
and content differences; all found the displays extremely useful. 
 
     Forward-looking perspective pictorial displays (synthetic vision, SV) are becoming more available in general 
aviation (GA) and experimental aircraft.  A significant number of research efforts have been initiated to determine 
design guidelines based upon both pilot performance and pilot preference.  These include studies examining display 
design characteristics (Schnell et al., 2003), guidance symbology (Beringer, 2000), applications to specific flight 
tasks (Bartalone et al., 2004), and the characteristics of the terrain representations (Lemos et al., 2003).  An Advi-
sory Circular on these systems in Part 23 aircraft has been published by the FAA’s Small Airplane Directorate 
(FAA, 2005).  Other design guidance has been published (SAE Aerospace, 2005), and Minimum Aviation System 
Performance standards for a number of synthetic-vision-related systems has just been completed (Radio Technical 
Commission for Aeronautics, Special Committee 213).  However, the focus has largely been on defining design 
parameters for synthetic vision systems (SVS) and the minimum performance acceptable in fielded systems.  It was 
also of interest to see how those few systems that had already been approved and fielded (two in particular) were 
being used by pilots.  As is often seen in the introduction of new systems, users often find new and sometimes unan-
ticipated ways of using them.  A structured interview was prepared for use with pilots having some experience fly-
ing these two display systems to determine (1) how frequently and under what conditions the displays and certain 
features were used (phase of flight, weather), (2) what the pilots perceived as the most and least useful features and 
(3) what additional features or functions were found desirable but lacking. 
 
METHOD 
Interview instrument 
 
An interview form was constructed to assess a number of demographic, experiential, and system-use items.  Demo-
graphic information included age, sex, year that the pilot began licensed flying, certificates held, ratings held, re-
strictions on the medical certificate (e.g., eyeglasses required), and date of last recurrency check, proficiency check, 
or biennial flight review.  Pilot experience questions included summaries of categorized flight hours (VFR, IFR, 
simulator, etc.), type of aircraft flown most frequently, experience with head-up displays (HUD), electronic primary 
flight displays (PFD), PFDs with terrain representations, enhanced vision systems with/without flight guidance, 
night-vision goggles, forward-looking infrared (FLIR) displays, and any training related to HUDs or FLIR displays.   
 
     Questions regarding synthetic vision system features, usage, and evaluations/ratings included (1) type of hard-
ware used (manufacturer/model), (2) terrain flown over while using (6 categories reported by percentage), (3) type 
of operations in which used (day/night, VMC/IMC), (4) altitudes at which most flying was done using the system, 
(5) frequency of use of SVS by flight phase, (6) frequency of use of pathway (highway-in-the-sky, HITS) guidance 
if available by flight phase, (7) the 4 most useful functions of the system,  (8) the 4 least useful functions of the sys-
tem, (9) features desired that were not available, (10) training provided for use of the system and format of that 
training, (11) strengths and weaknesses of training when provided, (12) operations made possible by the SVS that 
could not previously been accomplished or that would have been difficult without it, (13) operations that could be 
performed using the system but were not yet allowed under operational rules, (14) ratings of reliability/accuracy and 
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safety of both the SVS and flight guidance information, and (15) location of the primary flight display and the 
standby instruments on the panel of the aircraft most frequently flown with the SVS. 
 
Participants 
 
     Of the 30 certified pilots contacted, 10 agreed to participate (33% response rate).  Names of potential interview-
ees were provided courtesy of 2 manufacturers of Electronic Flight Instrumentation Systems (EFIS) currently ap-
proved for use in Part 21 airplanes.  Demographics for the 10 pilots who chose to participate are as shown in Table 
1.  Of these 10 pilots, 5 had primarily piston-engine time, 2 had turboprop time, and 3 had turbojet time. 
 
Table 1.  Descriptive statistics for participants’ ages and flight experience as Pilot in Command (PIC). 
 Age Years flying experience Total hours PIC PIC hours last 90 days 
Mean 55.7 28.9 6,859 69 
Median 61.0 26.0 4,397 54 
SD 11.2 11.2 6,358 42 
Maximum 67.0 44.0 17,800 145 
Minimum 33.0 13.0 325 25 
 
All of the participants were users of 1 of 2 SVSs certified at the time of the interviews.  One of the SVSs (to be re-
ferred to as System 1, n = 7) had an egocentric point-of-view forward-looking terrain display (monochrome terrain) 
on the Primary Flight Display (PFD) and flight guidance provided by a selectable HITS.  The other system (System 
2, n = 3) did not have the HITS but did have color-coded terrain.  Although both systems now have egocentric per-
spective-view depictions of the forward view of terrain on the PFD, this had only been in certified status for System 
2 for about 2 years at the time of the interviews.  As such, 2 of the 3 interviewed users for System 2 had experience 
largely with the exocentric-view version on the multi-function display (MFD).  In this version, the viewing point for 
the terrain depiction, ownship, and perspective courseline was above, behind, and slightly to the right of ownship.  
Depictions of the terrain, however, were similar except for coloration. 
  
Procedure 
 
     Potential participants were contacted by telephone, and the intent of the proposed interview, to occur at a later 
date, was explained.  Participants were informed that they would be compensated for their time, although the major-
ity who participated indicated a willingness to do so whether they were or were not compensated.  For those who 
agreed to participate, a copy of the proposed interview questions was sent to them via e-mail so that they could for-
mulate complete and accurate responses (particularly regarding flight experience and logged hours) in advance of 
the interview.  A date and time was then determined for the interview, and the participant was telephoned at the ap-
pointed time.  Responses were recorded by the interviewer for each of the various questions, as well as the docu-
mentation of unsolicited commentary not fitting within the context of one of the specific questions. 
 
RESULTS 
 
 
Terrain   
     Interviewees were asked about what types of terrain 
were flown over, by percentage, when using the SVS.  
Figure 1 shows the distribution of flight time by cate-
gory of over-flown terrain for each system.  Interest-
ingly, the smaller sample using System 2 spent more 
time flying over desert and mountainous terrain than did 
those using System 1, and the System 1 users spent more 
time flying over low hills than did the System 2 users.  
Both had a large proportion of time spent flying over 
largely flat terrain where the benefits of the terrain de-
piction would be minimal. 
 
 
 
 
Figure 1.  Mean percentage of time using display by terrain type being flown over for Systems 1 and 2. 
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Illumination/Weather 
 
     The participants were asked what percentage of time they flew in various illumination and lighting conditions.  
Figure 2 summarizes the data for each system.  In each case, the system was used predominantly in day Visual Me-
teorological Conditions (VMC).  System 1 operators used their system more in night VMC than did System 2 opera-
tors (6.7% as compared with 1.7%), and they also used their system more in day Instrument Meteorological Condi-
tions (IMC) (8.6% versus 1%), but less in night IMC (1.6% versus 4%).  One should keep in mind that System 1 
provided the heading-oriented out-the-window analog and could provide HITS guidance, with this combination 
likely to influence use.  However, the small sample size makes it impossible to say too much concerning the differ-
ences. 
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Figure 2.  Percentage of time spent in various weather/illumination conditions for System 1 and System 2. 
 
Altitude Brackets 
 
     The participants were also asked at what altitudes they flew most during cruise flight with the SVS.  Figure 3 
presents the data for each group.  It is interesting that one sees a dichotomous distribution of altitudes with about a 
quarter of the flights using each system occurring between 300 and 3000 feet AGL.  The rest, however, were at or 
above 10,000 feet MSL (57% for System 1 and 76% for System 2).  These display systems are most useful close to 
the terrain or near significant terrain features, so much of the cruise flight indicated by these users would not be in 
close proximity to terrain, with the exception of high mountain peaks. 
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Figure 3.  Altitudes most often used for cruise flight for System 1 and System 2 users. 
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Phases of Flight 
 
     General system use.  The next series of questions asked system users how often they used the SVS during various 
phases of flight.  Figures 4 and 5 depict the percentage of each group of system users that categorized their use of 
the display system during the listed phases of flight by each of the listed frequencies (“always,” “often,” “some-
times,” or “never”).  Combining two categories, “always” and “often”, to serve as an index of frequent use, 71% of 
the System 1 users indicated that they used the SV display frequently during climb, 86% used it frequently during 
cruise/enroute, 86%  used it frequently during descent phases, and 100% “always” used it during approach.  While 
there were smaller values (Figure 4) for “sometimes” use, it should be noted that no System 1 pilot reported “never” 
using it.  If we combine the same two categories for System 2 as a frequent-use indication, the values are slightly 
different in that frequent use during climb was reported by 67%, frequent use during cruise/enroute was reported by 
33%, frequent use during descent was reported by 67%, and frequent use (“always”) during approach was reported 
by 67%.  It is clear for both systems that the most frequent use in any phase of flight is during approach.  It should 
be pointed out that some of the differences between the uses of the two systems are likely due to the majority of Sys-
tem 2 users having experience with the exocentric-view version of that system on the MFD as opposed to the ego-
centric-view presentation on the PFD in System 1. 
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Figure 4.  Frequency of use of System 1 by phase of flight.                  Figure 5.  Frequency of use of System 2 by phase of flights. 
 
 
     HITS use.  Only System 1 spe-
cifically used the HITS guidance 
representation at the time of the 
interviews.  Combining the “often” 
and “always” categories to repre-
sent frequent use, as done previ-
ously, 58% of the pilots frequently 
selected the HITS guidance for 
climb, 100% frequently selected it 
during cruise/enroute (71% “al-
ways”),  71% frequently selected it 
during descent, and 86% fre-
quently (“always” in this case) 
selected the HITS on approach (see 
Figure 6).  Thus, HITS guidance 
was more likely than not to be en-
abled for all phases of flight using 
this system.  
 
 
 
Figure 6.  Frequency of use of System 1 HITS by phase of flight. 
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Most Useful Functions 
 
     Pilots were asked to indicate which 4 system/display features they considered to be the most useful.  This was 
followed by the inverse question, which were the 4 least useful or distracting features.  Finally, the pilots were asked 
what features they would like to see implemented that were not available at that time.  Table 2 presents the items, 
along with the frequency of mention.  Items mentioned with a high frequency are paired with an “n” indicating the 
size of the sample to which the item has relevance. 
 
Table 2.  Frequency of mention of (1) most useful features, (2) least useful features, and (3) desired features. 
 
Most useful features Least useful features Desired features 
Feature Mentions Feature Mentions Features Mentions 
Terrain depiction / warn-
ing / color coding 
10 (of 10) Terrain turns off at 
extreme bank 
1 Egocentric view 1 
Highway in the sky 6 (of 7) Too many button 
presses 
1 Turn coordinator 1 
Off-level bank indication 1 HITS chasing in IFR 1 Match Garmin database 1 
Velocity vector 1 Small symbology 1 Runway 1 
Altitude/Airspeed on PFD 1 Difficulty loading 
approaches 
1 TCAS targets 1 
Nearby airports 1   More terrain realism 1 
Winds aloft 1   Combine with FLIR 1 
Descent rate 1   Sensor inset 1 
Easy visual scan 1   Remaining runway indication. 1 
Grid on terrain 1     
Flight path on MFD 1     
Digital pitch readout 1     
Radar altimeter 1     
Runway depiction 1     
Airport map 1     
 
It is clear that the terrain-related features and the HITS were the most universally valuable to users of these systems.  
Other items were less universally useful but received mention by one or another individual pilot.  Two pilots men-
tioned sensor-image (e.g., FLIR) insets as a desirable feature.  This approach is being incorporated into other sys-
tems recently fielded or introduced for certification. 
 
Available Training 
 
     Training used.  Interviewees were asked what training was available for the system they were using and which 
types of training they had used.  In a follow-up question, they were asked about particular strengths and weaknesses 
of the training they used.  For System 1, all of the respondents indicated they had used the handbook, 5 of the 7 said 
that they used DVD or videotaped instructions, 2 used embedded (in the device) simulation, and 1 each used in-
aircraft training, computer-based instruction, and classroom instruction (the latter indicated a preference for an inde-
pendently offered course that he felt was superior to the one offered by the manufacturer; it was noted that class-
room instruction had to be paid for).  For System 2, 2 of the 3 pilots said they used the handbook, 1 used computer-
based instruction, and 1 also received classroom instruction.  Although the pilots using System 2 indicated that re-
corded-media training was available, none of them had used it.  Across these 2 systems, then, the most widely used 
training aid was the pilot’s operating handbook (90%), followed closely by recorded media (50%).  In a tie for third 
place were embedded simulation training (20%) and computer-base instruction (20%). 
 
     Training strengths and weaknesses.  Regarding perceived strengths of the available training, 2 System 1 pilots 
rated the DVD-based instruction highly.  One favored an independently authored short book on using the system.  
Of the System 2 users who commented, 1 thought the 1-hour course did a good job of covering system operation, 
and the other favored the handbook.  Perceived weaknesses in the System 1 training mentioned included 2 refer-
ences to the need for a software simulator independent of the device or simulator training, 2 references to a need for 
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interactive training using the device (interactive tools), and two references to the handbook (too lengthy; too difficult 
to understand in isolation from the actual hardware). 
 
Operations Now Possible with System 
 
     The participants were also asked what operations they believed they could now perform legally with the SVS that 
they could not perform before and, additionally, what might be possible technically but was not approved operation-
ally.  In the first instance, there were multiple references to low-level, low-visibility terrain avoidance and ap-
proaches and Category II - and even Category III - approaches/landings.  For “all things possible” but not as yet 
approved, the pilots mentioned all-weather operations, low-level IMC in mountainous terrain, credit for IFR ap-
proaches into airports without published approaches, lowered approach minimums, approaches using HITS without 
an ILS on site, and Categories II and III approaches/landings. 
 
Reliability / Accuracy / Safety 
 
     Finally, the pilots were asked to rate their SVS for reliability/accuracy and overall safety (poor = 1, below aver-
age = 2, above average = 3, and excellent = 4).  The mean ratings were:  System 1 – reliability/accuracy = 3.83, 
overall safety = 4; System 2 – reliability/accuracy = 4, overall safety = 3.67.  Those individuals using System 1 were 
also asked to rate the HITS in the same way:  reliability/accuracy = 4, overall safety = 4.  Thus, the users of these 
systems perceived them as providing high levels of reliability and accuracy, as well as being very safe. 
 
CONCLUSIONS 
 
     It is clear that the features making these systems unique, as compared with other flight displays, namely a per-
spective view depicting terrain and some form of pictorial guidance, are the ones that users of the systems found 
most useful and appealing.  While it may seem discouraging that the systems are being used predominantly in day 
VMC when they could be used beneficially in other situations, the frequency-of-use data should be tempered by the 
proportion of time pilots are exposed to actual IMC.  However, the systems were being used extensively in descent 
and on approach, phases of flight where they can make significant contributions to flight safety.  Additionally, it 
should be viewed as positive that the systems are being used, with what many of the interviewees reported as reduc-
tions in workload when compared with more conventional instrumentation systems.   
 
ACKNOWLEDGMENTS 
 
     The author extends his sincere thanks to his contact points at the two avionics manufacturer’s sites who were willing to pro-
vide candidates for interviews, to the pilots who took the time to answer the interview questions and have in-depth conversations 
concerning their evaluations of the systems that they fly, and to Mr. Lowell Foster, FAA Small Airplane Directorate, for his work 
in preparation of the structured interview and review of the manuscript. 
 
REFERENCES 
 
Bartalone, A.P., Hughes, M.F. and Wong, D.T. (2004).  Symbology development for general aviation synthetic vision primary 
flight displays for the approach and missed-approach modes of flight.  In Proceedings of the Human Factors and Ergonom-
ics Society 48th annual meeting, 208-212. 
 
Beringer, D. B. (2000). Development of highway-in-the-sky displays for flight-path guidance:  History, performance results, 
guidelines. Proceedings of the 44th Annual Meeting of the Human Factors and Ergonomics Society, 3-21 – 3-24. 
 
FAA (2005).  Synthetic Vision and Pathway Depictions on the Primary Flight Display.  Advisory Circular AC 23-26. 
 
Lemos, K. Schnell, T., Etherington, T., Vogl, T., and Postikov, A.  (2003). Synthetic vision systems:  human performance as-
sessment of the influence of terrain density and texture.  In Proceedings of the 22nd Digital Avionics Systems Conference, 
vol.2, pp 9.E.3-91-10. 
 
Radio Technical Commission for Aeronautics (RTCA). Special Committee 213 (in review).  Minimum Aviation System Per-
formance Standards (MASPS) for Enhanced Vision Systems, Synthetic Vision Systems, Combined Vision Systems, and 
Enhanced Flight Vision Systems for current operational applications.  DO-135.  Washington, D.C.:  RTCA, Inc. 
 
SAE Aerospace (2005).  Human engineering considerations for design and implementation of perspective flight guidance dis-
plays.  ARP (Aerospace Recommended Practice) 5589.  Society of Automotive Engineers – Aerospace. 
 
Schnell, T., Lemos, K., Keller, M., Yang, S. and Guiterres, F. (2003).  Synthetic vision displays: Optimal display characteristics.  
University of Iowa:  Operator Performance Laboratory, Final Report to NASA Langley Research Center. 
135
